*Correspondence to: Catherine.Martin-Jones@geog.cam.ac.uk
s and other major elements were collected for 30 s. A suite of mineral standards were used to calibrate the instrument and the MPI-DING volcanic glasses (Jochum et al., 2006) were used as secondary standards. All analyses presented in the text, tables and graphs have been normalised to an anhydrous basis, to remove any effects of the variable secondary hydration of glasses. The raw glass analyses are given in the supplementary data (S2 b). Trace element compositions of single glass shards were determined using laser ablation (LA) ICP-MS at Aberystwyth University. Analyses were performed using a Coherent GeoLas ArF 193 nm Excimer laser coupled to a Thermo Finnigan Element 2 ICP-MS; with a laser energy of 10 J cm 2 , repetition rate of 5 Hz and 24 s acquisition time. 29 Si was used as the internal standard, the SiO 2 having previously been determined by EPMA. Trace element concentrations (ppm) were calculated by comparing the analyte isotope intensity/internal standard intensity in the shard to the same ratio in the NIST SRM 612 reference material using published concentrations from Pearce et al. (Pearce et al., 1996) Analyses using < 20 µm spot sizes were corrected for variations in element fractionation (Pearce et al., 2011 (Pearce et al., , 2014 .The rhyolitic MPI-DING reference material, ATHO-G, was analysed during each analytical run to monitor accuracy and precision, and analyses are given in S2 b.
S1 d Chronology
In order to investigate the timing of past volcanism, age models were constructed for the Tilo, Awassa and Chamo sediments. Seven published dates on grass charcoal fragment provide the chronology for the Tilo97-1 archive. Four published dates , determined on bulk sediments provide the chronology for the Awassa Aw-94 archive. Nine radiocarbon dates, including seven ages from Kassa (2013) , on plant and shell fragments give the chronology for the Chamo CHA-01-2010 core.
Prior to AMS analysis, samples were pretreated using conventional procedures (Rethemeyer et al., 2013) . To remove carbonates, sediment samples were treated with HCl and charcoal samples were treated with a further NaOH wash to remove secondary organic acids. Sample carbon was then converted to graphite and measured at Beta-Analytic (Tilo and Awassa) and CologneAMS (Rethemeyer et al., 2013 ) (Chamo). OxCal version 4. 2(Bronk Ramsey and Lee, 2013) was used to generate Bayesian P_Sequence depositional models (Bronk Ramsey, 2008) for the archives (Figs. DR1 and DR2), using the IntCal13 (Reimer et al., 2013) calibration curve. Prior to analysis, sediment core depths were converted to event free depths by excluding tephra layers of > 0.5 cm thickness. Interpolated tephra age ranges were retrieved using the Date function and are herein quoted to 68.2% confidence levels. OxCal P_Sequence parameters and code for each age model is given below. Only the lower part of the Chamo sequence below 470cm, that is constrained by radiocarbon age estimates and corresponds to the section where tephra/cryptotephra were recovered, was modelled in OxCal. Two dates (COL2454 and COL2455) from 865.5 cm depth in the CHA-01-2010 archive have been combined using the R_Combine function. Sediment deposition rates are typically constant within the age model, however beneath 470.5 cm depth (766 -882 cal. a BP) sedimentation rates increased significantly. The modelled age-estimate for CHT-2 is not bounded by a lower (older) ageestimate in the model, meaning that the sedimentation rate at this point in the sequence is not fully constrained. For this reason, the age-estimate for CHT-2 is considered less robust that the age for CHT-1. Table DR2 AMS   14 C measurements for the Awassa, Tilo and Chamo sediments cores. Ages were calibrated using IntCal13 (Reimer et al., 2013 ) run in OxCal version 4.2(Bronk Ramsey, 2009 . Seven radiocarbon ages (*) on the Chamo sediments are from Kassa (Kassa, 2013) . Two dates (COL2454 and COL2455) from 865.5 cm depth in the CHA-01-2010 archive have been combined using the R_Combine function. S1 e Estimating recurrence rates
We used the Tilo tephra record to calculate the frequency of Corbetti's eruptions over the last 10 kyr. The Tilo tephra layers are stratigraphically and geochemically distinct, and we therefore infer each horizon represents an individual eruption.
Return intervals were calculated according to the methods described in Connor et al. (2003 Connor et al. ( , 2006 . The eruption record was tested for stationarity using a Kolmo-Smirnov test (Fig DR1a) , showing the rate of events did not deviate from a steady-state within the 95% confidence intervals. Repose intervals (the time between two successive eruptions) were then used in a Kaplan-Meier estimate (Dzierma and Wehrmann, 2012) to generate empirical survival function, which gives the probability that an observed repose interval will exceed a given time interval (Fig. DR1b ).
(equation 1) where gives the probability ( that an observed repose interval ( exceeds a given time interval (
) where is the total number of repose intervals and refers to the th repose interval in a ordered list from oldest to youngest interval.
Mid-points of the Tilo tephra age ranges from Bayesian age modeling were used for the calculations, thus any interpretations should consider this inherent age-uncertainty. A series of parametric models were fit to the Kaplan-Meier survival function using Flexsurv in R version 3.1.0, following Swindles et al. (2011); Dzierma and Wehrmann (2012) and Connor et al. (2006) . On the basis of log likelihood and Akaike Information Criterion (Akaike, 1998 ) the eruption frequency is best described by the Weibull and Loglogistic models.
We calculate an average return rate of ~900 ± 220 yrs (discounting the time since the most recent event), roughly comparable to the ~1000 year periodicity of eruptions from neighboring Alutu over the past 10 kyr (Hutchison et al., 2016) . The Kaplan-Meier test shows that within any 500 year period, there may be a 35% chance of an eruption ( Fig. DR1b) . 
S1 f Tephra volume calculation
Illustrative isopachs for the Wendo Koshe Younger Pumice (WKYP) were drawn on the basis of the correlations between TT-2 and CHT-1 and published (Rapprich et al., 2016) thicknesses of the WKYP outcropping within the Corbetti caldera. These isopachs are idealised and, for simplicity, do not take wind direction into account. We used the exponential thinning model (Pyle, 1989; Fierstein and Nathenson, 1992 ) (equation 3) to generate a log(thickness) versus square root of area plot and estimate tephra thickness at the source (T= 0 ).
Where T is the tephra thickness, T o is the thickness at source and A is the area of tephra deposition. The slope, k, can be calculated from a plot of ln(T) vs A 1/2 and can be extended back to estimate the thickness at source.
Using the calculate K and T O values, the thickness half-distance (b T ) and volume were calculated. The tephrostratigraphy of the Tilo, Awassa and Chamo lake sediments is given in Table DR3 and shown in Figures DR2 and Table DR3 List of tephra layers found in sediment cores from lakes Tilo, Awassa (based on the initial tephrostratigraphy described by Telford (1998) and Lamb (2000) ) and Chamo, including their physical properties and Bayesian modeled ages (at 68.2 % confidence intervals). Depth values are given for the base of each tephra layer. Fig. DR2 Bayesian depositional models for the Awassa and Tilo sediments, alongside the core lithology and tephra occurrence. Only Awassa tephras AWT-1; 2 and 4 were analysed in this study. The core depths used for the age model are corrected for the presence of >0.5 cm thick tephra layers, which are assumed to have been deposited instantaneously.
Fig. DR3 Bayesian depositional models for the Chamo sediments, alongside the core lithology and tephra glass shard concentrations. Concentrations of glass shards in 2 cm contiguous and continuous sediment samples were collected only between 502 -920 cm depth in the Chamo sediments. The age model only includes sediment depths between 470 cm and the base of the core, this interval is constrained by radiocarbon dates and corresponds to the depths at which CHT-1 and CHT-2 occur.
DR2 b Tephra compositions
Glass compositions of the lakes Awassa, Tilo and Chamo tephras are shown in Tables DR4 -DR7 and compared in Figs. DR4 -DR7. Tilo, Awassa and Chamo tephras are dominantly peralkaline rhyolites, however four shards are trachytic (Fig S3) .The peralkaline tephras can be further classified as pantellerites (Al 2 O 3 < 1.33(FeO T + 4).
Glass chemistry of the Lake Tilo tephras
Variable glass compositions and Zr/Th ratios divide the Tilo glass shards into two populations. Tephras TT-3 and TT-6 contain higher FeOT and Ba concentrations and lower Zr/Th ratios (55.9 -68.2) than all other Tilo tephras (Zr/Th ~65.2 -99.4, Fig S5) . This indicates that TT-3 and TT-6 glass shards are derived from a distinct volcanic source. All other Tilo tephras have similar glass compositions and Zr/Th ratios and are co-genetic. However, subtle inter-eruptive variations in Y, Zr, Ba and Th concentrations distinguish these tephras. Glass shards in the oldest Tilo tephras TT-11; 12; 13 and 14 (10.1 -5.8 cal ka BP) contain the lowest Ba/Th ratios (~0.9 -2.4) of the Tilo tephras (Fig. S5 c) . TT-12 contains lower Y concentrations and TT-13 contains higher FeO T and Zr than glass shards in TT-11 and TT-14 ( Fig. S9 b, d ). Tephra glass shards in TT-1; 2; 4 and 5 (2.5 -0.5 cal ka BP) contain higher Ba/Th ratios (~2.6 -4.1) that most glass shards in older tephras (Fig. S8 c) . Only TT-1 and TT-2 glass shards can be distinguished, containing broadly higher concentrations of Ba than TT-4 and TT-5 (Fig. S8 c) . Tephras TT-7; 8; 9 and 10 (5.9 -2.0 cal. ka BP) contain glass shards with similar Ba/Th ratios to older and younger Tilo tephras (Fig. S5) .
Glass chemistry of the Lake Chamo tephras
CHT-1 and CHT-2 glass shards can be distinguished based up their variable Al 2 O 3 , Nb, Ba and Th concentrations (Fig. S6 b, c, e) . CHT-1 (1.9 -1.5 cal. ka BP) glass shards contain higher Al 2 O 3 and Ba concentrations and lower Zr, Nb and Th concentrations than CHT-2 (8.3 -7.8 cal ka BP, Fig. S6 b, c, e, f) . Both Chamo tephras have identical Zr/Th ratios, indicating they are derived from a shared volcanic source (Fig. S6 f) 
Glass chemistry of the Lake Awassa tephras
The Awassa tephra glass shards share similar Zr/Th ratios (Fig. S7) , suggesting that they are co-genetic. However, FeOT , Y, Zr, La, Nb and Th concentrations display inter-eruptive variation, dividing Awassa tephras into three glass populations . Glass shards in AWT-1 (1.5 -1.3 cal. ka BP) typically contain lower concentrations of incompatible elements than older Awassa tephras (Fig. S7 d, f) . Glass shards in AWT-2 (3.8 -3.4 cal. ka BP) and AWT-4 (6.2 -5.7 cal. ka BP) are compositionally similar, however, AWT-2 contains higher Y concentrations than all other Awassa tephras and lower concentrations of Zr and Th than AWT-2 (Fig. S5 d, f) . 80-7.29 4.18-8.60 6.15-9.40 6.78-8.26 5.84-8.16 6.44-8.35 5.98-6 .92 n=16 n=48 n=18 n=19 n=40 n=23 n=19 Table DR5 Normalised major element (wt.%) and trace element concentrations in glass shards in the Tilo tephras TT-7 to TT-14. Average (± 1 st. dev.) concentrations of selected trace elements which have proved useful for discrimination and correlation are shown here, and the minimum and maximum element concentrations of each tephra are given in italics. For analytical considerations, see the Supplementary Excel file. The full glass composition dataset is available from the author upon request. 9. 41-11.28 9.40-10.06 8.57-10.26 9.25-14.67 9.43-14.63 9.16-18.28 8.99-17 (184) 2100 (184) 2190 (248) 2440 (238) 2300 (229) 2960 (212) 2410 (164) 1750 0-31.3 21.4-34.6 23.5-39.8 24.6-42.9 30.4-40.6 25.1-37 5. 20-9.12 6.22-8.20 6.21-7.90 5.16-8.70 6.40-9.72 7.36-9.16 6.57-16 .3 n=57 n= 59 n=61 n=39 n=58 n= 19 n= 52
Fig. DR5 Bi-plots of selected major and trace element concentrations in the Tilo tephra glass shards. (f) Glass shards in TT-3 and TT-6 have distinct Zr/Th ratios, indicating they are derived from a distinct volcanic source. All other Tilo tephras have a co-genetic origin. Table DR6 Normalised major element (wt.%) and trace element concentrations in glass shards in the Chamo tephras CHT-1 and CHT-2. Average (± 1 st. dev.) concentrations of selected trace elements which have proved useful for discrimination and correlation are shown here, and the minimum and maximum element concentrations of each tephra are given in italics. For analytical considerations, see the Supplementary Excel file. The full glass composition dataset is available from the author upon request. Fig. DR6 Bi-plots of selected major and trace element concentrations in the Chamo tephra glass shards. Glass in CHT-1 and CHT-2 share identical incompatible element ratios, suggesting they are derived from a shared volcanic source. Table DR7 Normalised major element (wt.%) and trace element concentrations in glass shards in the Awassa tephras, only AWT-1, AWT-2 and AWT-4 were analysed in this study. Average (± 1 st. dev.) concentrations of selected trace elements which have proved useful for discrimination and correlation are shown here, and the minimum and maximum element concentrations of each tephra are given in italics. For analytical considerations, see the Supplementary Excel file. The full glass composition dataset is available from the author upon request. 
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S2 c Tephra correlations
AWT-2 and AWT-4 tephras have similar elemental compositions and Zr/Th ratios to the low FeO T Tilo tephras, suggesting that some Awassa and Tilo tephras are derived from a shared source (Fig. S8) . Glass shards in AWT-2 and AWT-4 (6.2 -3.4 cal. ka BP) contain similar Ba concentrations to TT-7, TT-8, TT-9 and TT-10 (5.9 -2.0 cal. ka BP). However, it is not possible to identify definitively those tephras that were produced by the same eruptive event (Fig. S8) . Although we cannot correlate these tephras to individual events, we can use their glass composition as a broad signature for the Holocene eruptive from nearby Corbetti.
Both Chamo tephras have similar Zr/Th ratios and compositions to the low FeO T Tilo tephras, suggesting they have a co-genetic origin (Fig. S8 and S 10) . However, the Chamo tephra glass shards are distinct from all Awassa tephras in terms of their Ba concentrations. Glass shards in CHT-1 have comparable compositions to TT-1; 2; 4 and TT-5 (Fig. S9) . Glass shards in TT-4 and TT-5 are distinct in terms of their Ba concentrations (Fig. S9 c) . Figure S10 shows that TT-1 has a statistically different composition to CHT-1. Based on their similar composition and comparable ages, we interpret that TT-2 (1.5 -1.3 cal. ka BP) was produced by the same eruptive event as CHT-1 (1.9 -1.5 cal. ka BP). Whilst co-genetic, the glass composition of the Wendo Koshe Younger Pumice is less evolved than CHT-1. This is consistent with their origin from a compositionally zoned magma chamber, with a change in wind direction during the eruption depositing less evolved compositions proximally and more evolved compositions distally.
Glass shards in cal. ka BP) are compositionally similar to the older low FeO T Tilo tephras, 12; [13] [14] cal. ka BP, Fig. S10 ). However, TT-12 and TT-14 are distinguished from CHT-2 on the basis of their Al 2 O 3 , Y and Th concentrations (Fig S10 b, c, d ). Principal component analysis of the composition of the older Tilo tephras and CHT-2, demonstrates that cal. ka BP) is the correlative (Fig. S11) . 
DR2 d Tephra sources
The major and trace element composition of the Wendo Koshe Pumice and Chabbi Obsidian (see Table DR8 ), sampled from inside the Corbetti caldera, are compared with the composition of tephras from lake archives in Figure  2 . Published glass data for Holocene volcanoes in the MER is limited. However, published bulk compositions of post-caldera tephras from Gedemsa (Peccerillo et al., 2003) and Alutu (Hutchison et al., 2016) and obsidian melt inclusion analyses from Fentale (Taylor et al., 1997) are shown for comparison in Figure 2 . These volcanoes are also listed by the World Bank at a high level of uncertainty and risk. Fentale last erupted in 1820 (Siebert et al., 2010) . Whilst obsidian is erupted effusively, and does not form widespread deposits, it provides a broad glass compositional fingerprint for a given volcano. Bulk analyses contain contaminant minerals nonetheless incompatible element ratios can be used for broad comparison. Distinct major and trace element concentrations and variable incompatible element ratios of glass shards in the Tilo, Awassa and Chamo tephras indicate that three volcanic centres are responsible for generating the 19 tephra layers we have geochemically characterised. Most Awassa, Tilo and Chamo tephras have similar compositions and Zr/Th ratios (~65.2 -99.4) to both the Corbetti obsidian and the Wendo Koshe Younger Pumice (Zr/Th ~68.9 -87.5 , Fig 2 b) . Therefore, we infer that the majority of tephras derive from centres within the Corbetti caldera. To identify the sources of TT-3 and TT-6 and AWT-1, further sampling and glass analyses of volcanic centres in the Main Ethiopian Rift are required. Glass shards in the Wendo Koshe Younger Pumice, sampled from inside the Corbetti Caldera, are compositionally similar to TT-2 and CHT-1 (Figs. DR9 and DR11 ). These tephras contain characteristically high Ba concentrations (Fig  DR9 c) . Whilst co-genetic, CHT-2 glass shards are more enriched in incompatible elements than the Wendo Koshe Younger Pumice (Fig. DR9 d, f) . This may be associated with compositional zoning at the source volcano, with more evolved compositions only dispersed towards distal locations. Shards in TT-3 and TT-6 have distinct elemental compositions and Zr/Th ratios when compared with the composition of the other Tilo tephras and those tephras and obsidians collected from Corbetti, Fentale, Gedemsa and Alutu (Fig. 2 b) . Table DR8 Normalised major element (wt.%) and trace element concentrations of glass in the Wendo Koshe Pumice (ST-NW1) and Chabbi obsidians (E950010, E950011, E950019) were analysed in this study. Average (± 1 st. dev.) concentrations of selected trace elements which have proved useful for discrimination and correlation are shown here, and the minimum and maximum element concentrations of each tephra are given in italics. For analytical considerations, see the Supplementary Excel file. The full glass composition dataset is available from the author upon request. 
